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Abstract
Background
Understanding how urbanisation and rural-urban migration influence risk-factors for non-
communicable disease (NCD) is crucial for developing effective preventative strategies
globally. This study compares NCD risk-factor prevalence in urban, rural and migrant popu-
lations in China, Ghana, India, Mexico, Russia and South Africa.
Methods
Study participants were 39,436 adults within the WHO Study on global AGEing and adult
health (SAGE), surveyed 2007–2010. Risk ratios (RR) for each risk-factor were calculated
using logistic regression in country-specific and all country pooled analyses, adjusted for
age, sex and survey design. Fully adjusted models included income quintile, marital status
and education.
Results
Regular alcohol consumption was lower in migrant and urban groups than in rural groups
(pooled RR and 95%CI: 0.47 (0.31–0.68); 0.58, (0.46–0.72), respectively). Occupational
physical activity was lower (0.86 (0.72–0.98); 0.76 (0.65–0.85)) while active travel and rec-
reational physical activity were higher (pooled RRs for urban groups; 1.05 (1.00–1.09), 2.36
(1.95–2.83), respectively; for migrant groups: 1.07 (1.0 -1.12), 1.71 (1.11–2.53), respective-
ly). Overweight, raised waist circumference and diagnosed diabetes were higher in urban
groups (1.19 (1.04–1.35), 1.24 (1.07–1.42), 1.69 (1.15–2.47), respectively). Exceptions to
these trends exist: obesity indicators were higher in rural Russia; active travel was lower
in urban groups in Ghana and India; and in South Africa, urban groups had the highest
alcohol consumption.
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Conclusion
Migrants and urban dwellers had similar NCD risk-factor profiles. These were not consis-
tently worse than those seen in rural dwellers. The variable impact of urbanisation on NCD
risk must be considered in the design and evaluation of strategies to reduce the growing
burden of NCDs globally.
Introduction
Non-communicable diseases (NCDs) are the leading cause of global disease burden,[1, 2] with
80% of NCD mortality occurring in low- and middle-income countries (LMICs).[3] In some
regions, particularly Sub-Saharan Africa, as the burden of NCD grows, resources for treatment
may not meet population needs. This is recognised as a priority issue with a political declara-
tion signed by all the UNMember States in 2011, committing them to the prevention and con-
trol of NCDs.[4] On this basis, the WHO developed a global target to reduce mortality from
cardiovascular disease, cancer, diabetes and chronic respiratory diseases by 25% before 2025
(known as the 25x25 target).[5]
The rising prevalence of NCDs is taking place in the context of a rapidly urbanising popula-
tion. The world’s urban population has been growing at an average of 2.6% a year and is ex-
pected to increase to 6.3 billion people, 70% of the total population by 2050.[6] The majority of
this growth will be concentrated in LMICs: Asia is projected an urban population increase of
1.4 billion, Africa 0.9 billion, and Latin America and the Caribbean 0.2 billion.[6] One of the
key drivers of this trend is internal rural-urban migration, predominantly undertaken for eco-
nomic reasons. For example, in China 200 million rural-urban migrants are anticipated be-
tween 2010 and 2020.[7]
Rural and urban living can determine health through a range of environmental, social and
cultural factors. Both an ‘urban penalty’ suggested by nineteenth century research on infectious
diseases (likely mediated through higher population density), and an ‘urban advantage’, sug-
gested by 20th century research into infant and child mortality and nutritional status (likely me-
diated by superior access to health services) have been proposed.[8] In addition, the “healthy
migrant hypothesis” suggests that although migrants may face some disadvantages in their new
living environment, they are likely to be a ‘selected’ population with good health pre-migration.
[9] With respect to NCDs, there is concern that urbanisation and rural-urban migration may in-
crease population exposure to risk-factors. This may be due to several factors including differen-
tial exposure to motorised travel and pollution, occupational physical activity, marketing and
access to tobacco, alcohol and processed food products.[10–15] A recent systematic review of
existing studies on NCD risk in rural, migrant and urban populations, found a gradient for most
of the commonly reported NCD risk-factors with higher risk in migrants in comparison with
rural dwellers, and lower risk in migrants in comparison with urban dwellers.[16] However,
studies included in the review had important limitations, including small sample sizes, highly se-
lected populations (e.g.: migrants to a single city, from a single ethnic group or within a particu-
lar occupational group, e.g.: factory workers), an absence of data on behavioural risk-factors and
lack of adjustment for other factors (for example age, income, education and marital status). In
addition, the review omitted examination of lifestyle factors including smoking, despite this hav-
ing one of the largest population-attributable risks for NCDs.[17, 18]
There continues to be a dearth of nationally representative data on NCD risk-factors in
LMICs, and limited opportunities to conduct cross-national studies to inform global health
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policy. This is an important knowledge gap given the 25x25 target. The aim of this study is to
compare the prevalence of NCD risk-factors in urban, rural and rural-urban migrant groups in
six middle income countries using nationally representative, cross-national data.
Methods
Participants and data
Study participants were adults over 18 years old within the WHO Study on global AGEing and
adult health (SAGE), surveyed between 2007 and 2010 (Wave 1) in China, Ghana, India, Me-
xico, Russia and South Africa.
SAGE uses a clustered household sampling strategy designed to generate nationally represen-
tative cohorts. Although the primary purpose of the SAGE survey was to explore the health of
aging populations, and as such more data is collected for individuals over 50 years than for
adults aged 18–49 years, weighting adjusts the analyses to give nationally representative esti-
mates based on the age-sex population structure. One household questionnaire was completed
for each selected household in face-to-face interviews and individual questionnaires were collect-
ed from one randomly selected individual aged 18–49 years and all individuals aged over 50
years, including by proxy where an individual was unable to complete the questionnaire. Indi-
vidual response rates are as follows: 53%Mexico, 68% India, 75% South Africa, 81% in Ghana,
83% Russia and 93% in China. Further details of SAGE have been published elsewhere.[19] A
physical examination was used to collect height, weight, waist circumference and blood pressure.
Participant’s place of residence was classified as urban or rural on the basis of country spe-
cific definitions [Table 1]. Participants were considered “urban” if they were a current resident
of an urban area and had lived there all their life, or reported living only in other urban areas
previously; participants were considered “rural” if they were a current resident of a rural area
and had lived there all their life, or reported living only in other rural areas previously; partici-
pants were considered “migrant” if they were a current resident of an urban area and if they re-
ported that either their previous place of residence was rural, or that they had lived most of
their adulthood or childhood in a rural area. Urban to rural migrants were excluded from this
study as there were too few to make an independent category for analysis and the population
group is small and unlikely to grow, so they are not currently a significant concern to health
policy-makers.
Table 1.
Country Deﬁnition of urban or rural
China Deﬁned by administrative district in the national sampling frame.
Ghana Rural area is deﬁned as consisting of <5000 inhabitants.
India Rural areas deﬁned by status as "villages", Urban areas deﬁned by status as "wards".
Mexico Rural area: < 2500 inhabitants; Urban area (city): >10,000 inhabitants; semi urban area:
>2500–99 999 inhabitants.
Russia Urban settlements are deﬁned as legally established populated areas such as cities, towns
and urban-type settlements (industrial communities, recreation zones, summer cottages). All
remainder settlements are considered as rural ones. The category of cities (towns) in the
Russian Federation includes, as a rule, settlements with at least 12 thousand inhabitants of
whom not less than 85 per cent consist of workers, employees and their family members.
The rules and criteria for deﬁnition of towns may be different in some regions.
South
Africa
Deﬁned by area type and service provision urban formal, urban informal, rural formal and
rural informal. Semi-urban areas are classiﬁed as rural. An urban area is one which has been
legally proclaimed as being urban e.g. towns, cities and metropolitan areas. See Statistics
South Africa for more information.
doi:10.1371/journal.pone.0122747.t001
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Ethics Committee Approval
The study is based on a secondary data set with no identifiable information on the survey par-
ticipants. This dataset is available in the public domain for research use and hence no formal
approval from the institutional review board is required. So, no ethics statement is required for
this work.
The SAGE study received human subjects testing and ethics council approval from research
review boards local to each participating site (China Center for disease control and prevention
ethical review committee; University of Ghana Medical School Ethics and Protocol Review
Committee; Institutional Review Board, International Institute for Population Sciences, India;
Comisión de Ética en Investigación, Instituto Nacional de Salud Publica; Department of Pro-
phylactic Medicine, Russian Academy of Medical Sciences; Human Sciences Research Council
Ethics Committee, South Africa) and from the WHO Ethical Review Committee. Written in-
formed consent was obtained from each respondent before interview and examination.
Outcome Measures
Outcome measures were categorised as binary variables and included the following behavioural
and clinical risk-factors: 1. ever and current tobacco smoking, 2. regular alcohol consumption
(at least weekly) 3. recommended fruit and vegetable consumption (5+ portions/day), 4. rec-
ommended physical activity levels (75 minutes of vigorous or 150 minutes of moderate
exercise/week) through either work, leisure or active travel 5. overweight (BMI25 kg/m2),
obesity (BMI30 kg/m2), raised waist circumference (80cm for women,94cm for men), 6.
hypertension (systolic blood pressure 140 mmHg, diastolic90 mmHg or on blood pressure
medication) and 7. doctor-diagnosed diabetes. Outcome measures 1–4 and 7 were based on
self-report. Outcome measures 5 and 6 were based on physical direct measurement.
Statistical Analysis
Odds ratios and 95% confidence intervals (CI) were calculated for each risk-factor using logis-
tic regression adjusted for survey design. We calculated age and sex adjusted odds ratios and
fully adjusted odds ratios with the rural category as the reference group. Fully adjusted models
included income quintile, categorised on the basis of the country specific distribution of
income, marital status (currently married or not) and education (primary school or less, sec-
ondary school, higher education). Odds ratios were converted into risk ratios (RR), to aid inter-
pretation, as described in Zhang 1998.[20] Analyses were run for individual countries and then
data were pooled. Pooled analyses were conducted by normalising the country specific weights
across the dataset and including country fixed-effects in the model. Statistical analysis was car-
ried out using STATA 12.1.
Results
Participant Characteristics
39,436 participants were included in the study, with the largest number coming from China
(14,261) followed by India (10,725), Ghana (4,579), Russia (3,973), South Africa (3,350) and
Mexico (2,548). The mean age of participants was 52.9 years, ranging from 50.0 years in India
to 62.9 years in Mexico. 43.8% of the total sample were men, ranging from 35.6% in Russia to
53.0% in Ghana [Table 2].
51.1% of our study sample were rural dwellers, 39.6% were urban and 9.3% were rural-
urban migrants. Within the individual countries, South Africa had the largest percentage of
urban dwellers (62.2%), followed by Mexico (61.2%) and Russia (57.8%), while India had the
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Table 2. Characteristics of the respondents and the frequency of health behaviours by country.
Country China Ghana India Mexico Russia South
Africa
Total
Sample Size 14,261 4,579 10,725 2,548 3,973 3,350 39,436
Age 18–39 726 (5.1,
29.1)
392 (8.6,
39.9)
3,121
(29.1,
49.5)
218 (8.6,
51.5)
231 (5.8,
37.9)
165 (4.9,
42.4)
4853 (12.3,
39.0)
Age 40–59 6,398 (44.9,
56.6)
1,844
(40.3,
45.4)
4,162
(38.8,
37.9)
600 (23.6,
34.8)
1,474
(37.1, 39.6)
1,448
(43.2,
45.1)
15,926
(40.4, 46.4)
Age 60+ 7,137 (50.0,
14.4)
2,343
(51.2,
14.8)
3,442
(32.1,
12.7)
1,723
(67.6, 13.4)
2,268
(57.1, 22.5)
1,737
(51.9,
12.5)
18,650
(47.3, 14.7)
Men (n, (%, adj%)) 6,903 (48.4,
52.1)
2,425
(53.0,
50.9)
4,239
(39.5,
51.9)
975 (38.3,
47.7)
1,415
(35.6, 45.5)
1,296
(38.7,
45.1)
17,253
(43.8, 50.9)
Urban (n (%, adj%))) 5, 859
(41.1, 42.2)
1,673
(36.5,
40.5)
2,148
(20.0,
21.6)
1,560
(61.2, 69.1)
2,297
(57.8, 68.0)
2,084
(62.2,
64.1)
15,621
(39.6, 37.9)
Migrant (n (%, adj%))) 1,210 (8.5,
6.9)
373 (8.2,
9.5)
639 (6.0,
4.6)
368 (14.4,
9.8)
837 (21.1,
15.8)
241 (7.2,
12.3)
3,668 (9.3,
7.3)
Rural (n (%, adj%))) 7, 192
(50.4, 50.9)
2,533
(55.3,
50.0)
7,938
(74.0,
73.8)
620 (24.3,
21.1)
839 (21.1,
16.2)
1,025
(30.6,
23.6)
20,147
(51.1, 54.8)
Current smoking (n (%, adj%))) 3, 891
(27.3, 32.4)
551 (12.0,
8.4)
4,158
(38.8,
42.7)
479 (18.8,
25.3)
748 (18.8,
28.7)
866 (25.9,
25.9)
10,693
(27.1, 35.5)
Ever smoking (n (%, adj%))) 4,707 (33.0,
35.9)
1,093
(23.9,
15.8)
4,523
(42.2,
45.0)
952 (37.4,
41.0)
1,201
(30.2, 41.2)
1,146
(34.2,
33.3)
13,622
(34.5, 39.8)
Alcohol consumption > weekly (n (%, adj%))) # 2,111 (14.9,
16.3)
1,012
(22.6,
22.1)
393 (3.7,
4.9)
83 (3.3,
2.5)
263 (6.7,
8.9)
268 (8.6,
10.0)
4,130(10.6,
10.6)
Fruit + vegetable consumption < 5 portions (n (%,
adj%)))
1,531 (10.7,
7.1)
3,224
(70.4,
68.3)
9,590
(89.4,
89.3)
2,032
(79.8, 67.9)
3,215
(80.9, 70.9)
2,394
(71.5,
64.2)
21,986
(55.8, 51.1)
Occupational PA < 150 minutes (n (%, adj%))) 7,798 (54.7,
45.8)
1,280
(28.0,
24.0)
2,996
(27.9,
25.0)
1,576
(61.9, 61.1)
1,151
(29.0, 19.9)
2,171
(64.8, 51.4
16,972
(43.0, 34.0)
Leisure PA <150 minutes (n (%, adj%))) 12,139
(85.1, 83.9)
3,952
(86.3,
83.4)
9,377
(87.4,
81.3)
2,392
(93.9, 90.8)
3,605
(90.7, 76.1)
3,138
(93.7,
86.9)
34,603
(87.7, 82.0)
Active Travel <150 minutes (n (%, adj%))) 3,134 (22.0,
25.7)
807 (17.6,
18.8)
2,732
(25.5,
22.0)
598 (23.5,
23.5)
637 (16.0,
13.1)
593 (17.7,
15.1)
8,501 (21.6,
22.2)
Overweight: BMI  25 (n (%, adj%))) # 4,460 (32.7,
32.0)
1,307
(29.2,
35.1)
1,491
(14.1,
12.1)
1,713
(72.8, 77.3)
2,633
(67.8, 51.4)
2,259
(69.2,
61.3)
13,863
(36.3, 27.4)
Obesity: BMI  30 (n (%, adj%))) # 744 (5.5,
4.9)
465 (10.4,
13.2)
383 (3.6,
3.2)
763 (32.4,
28.1)
1,177
(30.3, 18.9)
1,350
(41.3,
30.5)
4,882 (12.8,
7.0)
Raised waist circumference:  94cm for men,  80
for women (n (%, adj%)))
5,948 (41.7,
37.6)
1,779
(38.9,
39.8)
3,478
(32.4,
24.8)
2,086
(81.9, 69.8)
2,971
(74.8, 51.2)
2,155
(64.3,
52.6)
18,417
(46.7, 34.7)
Hypertension: Systolic  140, diastolic  90 or
currently on an antihypertensive (n (%, adj%)))
8,310 (58.3,
41.3)
2,508
(54.8,
44.2)
2,971
(27.7,
21.1)
1,581
(62.1, 33.8)
2,585
(65.1, 39.6)
2,559
(76.4,
53.0)
20,514
(52.0, 33.4)
(Continued)
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highest percentage of rural participants (74.0%). Russia had the largest percentage of migrant
participants (21.1%), followed by Mexico (14.4%) and China (8.5%).
The prevalence of NCD risk-factors varied considerably by country: E.g. the prevalence of
current smoking ranged from 12.0% in Ghana to 38.8% in India; prevalence of raised waist cir-
cumference ranged from 32.4% in India to 81.9% in Mexico [Table 2].
Comparisons between migrant, urban and rural groups
Smoking. In the age and sex adjusted model the six country pooled analyses showed
lower current and ever smoking prevalence in urban and migrant groups compared with the
rural group although this only achieved statistical significance in the urban group (RR 0.82
(0.70–0.93) for current smoking; RR 0.83 (0.73–0.94) for ever smoking). These differences at-
tenuated in fully adjusted models such that current and ever smoking rates were similar in
rural, urban and migrant groups.
Current smoking was lower in urban and migrant groups than in rural groups in China,
Ghana and India. This contrasts with Mexico where there was significantly higher current and
ever smoking rates in urban and migrant groups compared with the rural group. In South Af-
rica the migrant group had a lower current and ever smoking rate (RR 0.41 (0.15–1.05) current
smoking; RR 0.39 (0.15–0.89) ever smoking) but the urban group had similar rates to the rural
group [S1 Fig; Table 3].
Diet. The proportion of participants consuming 5 portions of fruit and vegetables per day
was similar in migrant and rural groups in the pooled analyses. The urban group were more
likely to consume daily recommended levels of fruit and vegetables, although this finding was
only significant in the age and sex adjusted models (1.21 (1.06–1.36)). In the country level find-
ings, fruit and vegetable consumption was higher in urban than in rural groups in India and
Russia (age and sex adjusted RRs (1.75 (1.23–2.42); 2.77 (1.60–4.26); respectively). In contrast,
the proportion of participants consuming 5 or more portions of fruit or vegetables was signifi-
cantly higher in the migrant group (2.25 (1.04–3.24)) but not urban group, compared with the
rural group in South Africa.
Regular alcohol consumption was significantly lower in the urban and migrant groups com-
pared with the rural group in the pooled analyses (fully adjusted models (0.47 (0.31–0.68) and
0.58 (0.46–0.72) respectively). This pattern was seen in China and Ghana but not in the other
countries. However in South Africa, urban participants were significantly more likely to
consume alcohol regularly than the rural participants in the fully adjusted model (RR: 2.47
(1.05–5.09)) [S2 Fig; Table 4].
Physical Activity. Occupational physical activity was significantly lower in migrant
and urban populations in the pooled analysis across the six countries (0.86 (0.72–0.98); 0.76
(0.65–0.85) respectively in the fully adjusted analysis). This pattern was evident across coun-
tries for urban groups, with statistically significant findings in China, Ghana, India and Russia.
However, migrant populations in India and South Africa were most likely to be physically
Table 2. (Continued)
Country China Ghana India Mexico Russia South
Africa
Total
Doctor-diagnosed diabetes (n (%, adj%)))# 850 (6.0,
2.9)
158 (3.5,
2.0)
522 (4.9,
3.1)
462 (18.1,
9.4)
321 (8.2,
3.2)
305 (9.4,
3.3)
2,618 (6.7,
3.0)
Adj% is the percentage when adjusting for survey design (using weights to give a nationally representative sample).
# Denominators may not equal total sample size due to missing data for some variables.
doi:10.1371/journal.pone.0122747.t002
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Table 3. Risk ratios for smoking variables in migrant and urban population groups with rural population groups as the reference category.
Model 1: Adjusted for age and sex Model 2: Adjusted for age, sex, income quintile, marital status
and education
Current smoking Ever smoking Current smoking Ever smoking
Migrant Urban Migrant Urban Migrant Urban Migrant Urban
China 0.78
(0.54–1.07)
0.73
(0.56–0.94)**
0.88
(0.65–1.14)
0.72
(0.56–0.91)***
0.84
(0.59–1.14)
0.79
(0.62–1.00)**
0.90
(0.66–1.17)
0.73
(0.57–0.93)***
Ghana 0.35
(0.13–0.87)**
0.49
(0.30–0.80)***
0.68
(0.38–1.15)
0.74
(0.52–1.05)*
0.50
(0.19–1.28)
0.70
(0.44–1.09)
0.86
(0.49–1.40)
0.93
(0.65–1.32)
India 0.91
(0.72–1.11)
0.64
(0.53–0.78)***
0.89
(0.71–1.08)
0.65
(0.54–0.79)***
0.98
(0.81–1.16)
0.79
(0.66–0.93)***
0.96
(0.80–1.13)
0.81
(0.67–0.95)***
Mexico 1.91
(0.82–3.56)
1.95
(1.10–3.09)**
1.63
(1.03–2.19)**
1.24
(0.75–1.79)
2.29
(0.98–4.09)*
2.32
(1.16–3.83)**
1.66
(1.01–2.25)**
1.26
(0.67–1.93)
Russia 1.19
(0.61–1.93)
0.86
(0.41–1.53)
1.38
(0.83–1.89)
1.11
(0.68–1.58)
1.01
(0.54–1.67)
0.84
(0.42–1.45)
1.30
(0.78–1.82)
1.10
(0.67–1.56)
South
Africa
0.41
(0.15–1.05)*
1.30
(0.77–2.00)
0.39
(0.15–0.89)**
1.37
(0.88–1.92)
0.51
(0.17–1.27)
1.38
(0.83–2.09)
0.45
(0.17–1.05)*
1.46
(0.92–2.05)
Pooled 0.83
(0.64–1.07)
0.82
(0.70–0.93)***
0.91
(0.75–1.09)
0.83
(0.73–0.94)***
0.96
(0.74–1.20)
0.95
(0.82–1.09)
1.02
(0.85–1.20)
0.94
(0.82–1.06)
*** p<0.01
** p<0.05
* p<0.1
doi:10.1371/journal.pone.0122747.t003
Table 4. Risk ratios for dietary variables in migrant and urban population groups with rural population groups as the reference category.
Model 1: Adjusted for age and sex Model 2: Adjusted for age, sex, income quintile, marital status
and education
Fruit and veg consumption
(> 5 portions per day)
Alcohol use (weekly or more
frequently)
Fruit and veg consumption
(> 5 portions per day)
Alcohol use (weekly or more
frequently)
Migrant Urban Migrant Urban Migrant Urban Migrant Urban
China 0.99
(0.89–1.04)
0.99
(0.92–1.03)
0.37
(0.20–0.67)***
0.38
(0.28–0.53)***
0.97
(0.85–1.03)
0.97
(0.89–1.02)
0.44
(0.24–0.79)***
0.46
(0.30–0.65)***
Ghana 0.92
(0.59–1.35)
1.17
(0.91–1.47)
0.59
(0.34–0.97)**
0.53
(0.37–0.74)***
0.90
(0.56–1.35)
1.13
(0.85–1.45)
0.70
(0.42–1.11)
0.63
(0.42–0.93)**
India 0.85
(0.50–1.40)
1.75
(1.23–2.42)***
1.21
(0.31–4.09)
0.60
(0.35–1.04)*
0.71
(0.44–1.13)
1.28
(0.88–1.83)
1.28
(0.32–4.46)
0.75
(0.42–1.31)
Mexico 0.68
(0.28–1.45)
1.29
(0.68–2.06)
0.81
(0.20–3.11)
0.94
(0.29–3.04)
0.76
(0.29–1.64)
1.46
(0.70–2.38)
0.77
(0.17–3.24)
1.08
(0.33–3.32)
Russia 1.83
(0.69–3.90)
2.77
(1.60–4.26)***
0.56
(0.14–2.04)
1.08
(0.49–2.22)
1.97
(0.71–4.23)
2.73
(1.56–4.24)***
0.43
(0.10–1.70)
1.06
(0.47–2.21)
South
Africa
2.25
(1.04–3.24)**
1.34
(0.85–1.94)
0.28
(0.08–0.93)**
1.70
(0.66–3.92)
1.90
(0.81–3.01)
1.22
(0.69–1.92)
0.39
(0.10–1.38)
2.47
(1.05–5.09)**
Pooled 1.05
(0.79–1.31)
1.21
(1.06–1.36)***
0.41
(0.28–0.60)***
0.52
(0.42–0.64)***
0.97
(0.73–1.23)
1.14
(0.97–1.31)
0.47
(0.31–0.68)***
0.58
(0.46–0.72)***
***p<0.01
** p<0.05
* p<0.1
doi:10.1371/journal.pone.0122747.t004
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active at work (1.10 (1.01–1.17); 2.01 (1.53–2.28)). Conversely, leisure time physical activity
was higher in migrant and urban groups in the pooled analyses (1.71 (1.11–2.53) and 2.36
(1.95–2.83) respectively in the fully adjusted analysis) with significant differences also seen in
China, India and Russia.
Results for active travel were mixed. Although the pooled analyses suggest that there is in-
creased active travel in urban and migrant populations (1.07 (1.01–1.12); 1.05 (1.00–1.09) re-
spectively in the fully adjusted analysis), which was also demonstrated in individual country
analyses in China, Russia and South Africa, urban populations were significantly less likely to
travel using active transport in Ghana and India. Migrant groups showed a similar pattern to
urban populations in the countries studied [S3 Fig; Table 5].
Obesity. Overweight measured by BMI and raised waist circumference were significantly
higher in urban populations compared with rural populations in the pooled analyses (RR 1.19
(1.04–1.35) and RR 1.24 (1.07–1.42) respectively). Indicators of obesity were generally worse in
urban and migrant populations and many of these reached significance for urban and migrant
populations in Ghana and India. However Russia was an exception, with all indicators showing
lower levels of obesity in urban and migrant populations compared with rural populations, and
significantly lower obesity measured using BMI for both migrant and urban populations (0.47
(0.23–0.87); 0.42(0.22–0.75)) [S4 Fig; Table 6].
Hypertension and diabetes. There was no obvious association between prevalence of hy-
pertension and urban, rural or migrant status, and pooled analyses showed no significant asso-
ciation when country data were combined. Prevalence of hypertension was significantly lower
Table 5. Risk ratios for physical activity variables in migrant and urban population groups with rural population groups as the reference category.
Model 1: Adjusted for age and sex
Occupational Physical Activity (>150
minutes)
Leisure time Physical Activity (>150
minutes)
Active Travel (>150 minutes)
Migrant Urban Migrant Urban Migrant Urban
China 0.49 (0.26–0.76) 0.50 (0.35–0.68) 5.37 (3.09–8.37) 4.92 (3.36–6.89) 1.22 (1.12–1.29) *** 1.17 (1.07–1.26) ***
Ghana 0.73 (0.58–0.87) 0.67 (0.56–0.79) 1.28 (0.73–2.11) 1.20 (0.81–1.73) 0.94 (0.79–1.04) 0.87 (0.77–0.95)***
India 1.09 (0.99–1.16) 0.88 (0.81–0.95) 1.28 (0.76–2.00) 1.78 (1.43–2.18) 0.99 (0.93–1.05) 0.91 (0.83–0.97)***
Mexico 0.80 (0.38–1.32) 0.82 (0.52–1.18) 2.49 (0.65–7.57) 2.19 (0.71–5.84) 1.00 (0.75–1.15) 0.94 (0.73–1.09)
Russia 0.96 (0.79–1.06) 0.87 (0.71–1.00) 0.54 (0.18–1.44) 2.88 (1.32–5.22) 1.05 (0.88–1.14) 1.08 (0.98–1.14)
South Africa 2.08 (1.67–2.30) 1.07 (0.71–1.46) 0.96 (0.26–2.94) 1.39 (0.64–2.77) 1.15 (0.88–1.26) 1.16 (1.05–1.23)***
Pooled 0.80 (0.65–0.94)*** 0.67 (0.57–0.78)*** 1.88 (1.22–2.75)*** 2.68 (2.23–3.17)*** 1.06 (1.00–1.11)* 1.03 (0.99–1.08)
Model 2: Adjusted for age, sex, income quintile, marital status and education
Occupational Physical Activity (>150
minutes)
Leisure time Physical Activity (>150
minutes)
Active Travel (>150 minutes)
China 0.59 (0.35–0.87)*** 0.62 (0.44–0.81)*** 5.10 (3.02–7.86)*** 4.52 (3.07–6.37)*** 1.22 (1.12–1.30) *** 1.18 (1.07–1.26) ***
Ghana 0.78 (0.62–0.90)*** 0.72 (0.60–0.83)*** 0.91 (0.48–1.60) 0.88 (0.53–1.39) 0.95 (0.80–1.04) 0.88 (0.76–0.97)***
India 1.10 (1.01–1.17)** 0.94 (0.87–1.00)* 1.24 (0.74–1.95) 1.60 (1.28–1.98)*** 1.00 (0.93–1.05) 0.91 (0.83–0.98)***
Mexico 0.76 (0.35–1.31) 0.75 (0.45–1.14) 2.71 (0.60–8.92) 1.90 (0.55–5.64) 1.02 (0.75–1.16) 0.98 (0.76–1.12)
Russia 0.97 (0.81–1.07) 0.86 (0.69–0.98)** 0.74 (0.24–2.08) 3.13 (1.40–5.63)*** 1.05 (0.88–1.14) 1.09 (0.99–1.15)*
South Africa 2.01 (1.53–2.28)*** 1.02 (0.63–1.47) 1.04 (0.30–3.08) 1.21 (0.51–2.62) 1.15 (0.86–1.27) 1.17 (1.05–1.24)**
Pooled 0.86 (0.72–0.98)** 0.76 (0.65–0.85)*** 1.71 (1.11–2.53)** 2.36 (1.95–2.83)*** 1.07 (1.01–1.12)** 1.05 (1.00–1.09)*
*** p<0.01
** p<0.05
* p<0.1
doi:10.1371/journal.pone.0122747.t005
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in migrant and urban groups in China compared with rural groups (0.72 (0.55–0.91); 0.83
(0.68–0.99)), however the reverse was true in Ghana and India where hypertension prevalence
was significantly higher in urban groups compared with rural groups (1.19 (0.97–1.41);
1.28(1.03–1.55)). Migrant groups in Mexico had significantly higher prevalence of hyperten-
sion than rural groups (1.46 (0.97–1.97)), whereas in South Africa this was reversed (0.71
(0.34–1.12)). [S5 Fig; Table 7].
In contrast, diagnosed diabetes showed a very consistent association across all the countries
studied with significantly higher prevalence of diagnosed diabetes in migrant and urban groups
in the pooled analyses (1.60 (1.04–2.43); 1.69 (1.15–2.47). This association was also significant
for urban groups in the country-specific analyses for China, India and South Africa (2.18
(1.35–3.47); 1.44 (0.95–2.18); 3.48 (1.64–7.09)) and for migrant groups in China and Ghana
(1.86 (1.05–3.25); 5.15 (1.89–13.50)) [S5 Fig; Table 7].
Discussion
Principal findings
Migrants and urban dwellers had similar NCD risk profiles although these were not consistent-
ly worse than that seen in rural dwellers. Regular alcohol consumption was lower in urban and
migrant groups than in rural groups. Occupational physical activity was lower in urban and
migrant groups while active travel and recreational physical activity were higher. Overweight,
raised waist circumference and diagnosed diabetes were higher in urban groups. There were
Table 6. Risk ratios for obesity variables in migrant and urban population groups with rural population groups as the reference category.
Model 1: Adjusted for age and sex
Obesity (BMI 30) Overweight (BMI 25) Raised waist circumference (>94cm for
men; >80cm for women)
Migrant Urban Migrant Urban Migrant Urban
China 1.18 (0.55–2.43) 1.10 (0.67–1.79) 1.00 (0.71–1.33) 1.03 (0.82–1.27) 1.03 (0.66–1.46) 1.27 (0.94–1.62)
Ghana 2.51 (1.13–5.03)** 3.17 (2.03–4.75)*** 2.08 (1.47–2.75)*** 2.35 (1.91–2.79)*** 1.60 (1.13–2.08)** 1.63 (1.33–1.92)***
India 0.80 (0.45–1.39) 1.24 (0.80–1.89) 1.54 (1.19–1.98)*** 1.88 (1.47–2.40)*** 1.55 (1.23–1.91)*** 1.58 (1.32–1.86)***
Mexico 1.68 (0.96–2.55)* 1.30 (0.72–2.08) 1.01 (0.80–1.12) 0.90 (0.73–1.03) 1.00 (0.67–1.21) 0.91 (0.66–1.12)
Russia 0.48 (0.24–0.88)** 0.45 (0.24–0.78)*** 0.65 (0.37–0.96)** 0.86 (0.60–1.10) 0.75 (0.42–1.12) 0.86 (0.57–1.14)
South Africa 0.86 (0.30–1.79) 0.99 (0.67–1.38) 1.41 (1.00–1.62)* 1.08 (0.81–1.32) 1.23 (0.70–1.62) 1.07 (0.74–1.37)
Pooled 1.16 (0.79–1.68) 1.14 (0.88–1.47) 1.18 (0.95–1.45) 1.19 (1.04–1.35)** 1.20 (0.99–1.44)* 1.24 (1.07–1.42)***
Model 2: Adjusted for age, sex, income quintile, marital status and education
Obesity (BMI 30) Overweight (BMI 25) Raised waist circumference (>94cm for
men; >80cm for women)
China 1.24 (0.58–2.54) 1.16 (0.68–1.95) 0.99 (0.71–1.32) 1.05 (0.83–1.28) 0.94 (0.64–1.30) 1.17 (0.92–1.46)
Ghana 1.86 (0.82–3.90) 2.38 (1.44–3.78)*** 1.71 (1.15–2.37)** 1.97 (1.52–2.44)*** 1.39 (0.96–1.85)* 1.40 (1.11–1.71)***
India 0.73 (0.41–1.29) 1.14 (0.72–1.77) 1.35 (1.05–1.71)** 1.50 (1.15–1.94)*** 1.44 (1.19–1.72)*** 1.35 (1.12–1.60)***
Mexico 1.56 (0.88–2.42) 1.36 (0.71–2.25) 1.01 (0.80–1.13) 0.95 (0.79–1.06) 1.03 (0.68–1.24) 1.01 (0.79–1.17)
Russia 0.47 (0.23–0.87)** 0.42 (0.22–0.75) *** 0.67 (0.40–0.98)** 0.84 (0.57–1.10) 0.76 (0.41–1.13) 0.86 (0.56–1.16)
South Africa 0.95 (0.39–1.76) 0.85 (0.55–1.23) 1.38 (0.93–1.62)* 1.03 (0.72–1.30) 1.30 (0.78–1.66) 1.06 (0.69–1.40)
Pooled 1.16 (0.79–1.68) 1.14 (0.88–1.47) 1.18 (0.95–1.45) 1.19 (1.04–1.35)* 1.20 (0.99–1.44) 1.24 (1.07–1.42)**
*** p<0.01
** p<0.05
* p<0.1
doi:10.1371/journal.pone.0122747.t006
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some important country level exceptions to these trends. Obesity indicators were higher in
rural groups in Russia; active travel was lower in urban groups in Ghana and India; occupation-
al physical activity was highest in the migrant group in India and South Africa; and in South
Africa, urban groups had the highest alcohol consumption. Urban, migrant and rural patterns
of smoking and hypertension prevalence varied between countries.
Previous studies
Our findings on obesity are consistent with those from a recent systematic review which found
that obesity was highest in urban and lowest in rural groups, with migrants at an intermediate
level.[16] This is likely to be due to a different energy balance in urban dwellers compared with
rural dwellers, potentially due to the lower levels of occupational physical activity by urban
dwellers identified in our study, perhaps as well as increased calorie intake. The review also
found that there was no consistent association between migration and hypertension status.
This may be because the studies identified by the systematic review were heterogeneous in de-
sign, including country setting. We also found differing results in the country-specific analyses
conducted in this study, and no significant result when country data were pooled. Hyperten-
sion is a complex condition with many contributing risk factors including environmental (eg:
air pollution; stressful living conditions), lifestyle (eg: smoking and obesity rates) and popula-
tion genetics. Country level differential exposure to these risk factors in urban and rural dwell-
ers may explain the inconsistent association between migration status and hypertension.
Studies carried out in India have reported lower prevalence of diabetes in rural areas,[21,
22] and that physical activity [13, 22] and active travel [23] are higher in rural dwellers than
Table 7. Risk ratios for disease variables in migrant and urban population groups with rural population groups as the reference category.
Model 1: Adjusted for age and sex Model 2: Adjusted for age, sex, income quintile, marital status
and education
Hypertension (Systolic 140,
diastolic 90 or on
antihypertensive medication)
Diabetes (self-report of doctor-
diagnosis)
Hypertension (Systolic 140,
diastolic 90 or on
antihypertensive medication)
Diabetes (self-report of doctor-
diagnosis)
Migrant Urban Migrant Urban Migrant Urban Migrant Urban
China 0.73
(0.54–0.95)**
0.86
(0.69–1.04)
1.86
(1.06–3.24)**
2.20
(1.33–3.58)***
0.72
(0.55–0.91)***
0.83
(0.68–0.99)**
1.86
(1.05–3.25)**
2.18
(1.35–3.47)***
Ghana 1.18
(0.87–1.51)
1.25
(1.05–1.45)**
9.50
(3.27–25.6)***
3.57
(1.66–7.57)***
1.12
(0.80–1.45)
1.19
(0.97–1.41)*
5.15
(1.89–13.5)***
1.89
(0.82–4.27)
India 0.93
(0.73–1.18)
1.30
(1.06–1.56)**
1.14
(0.60–2.15)
1.86
(1.24–2.75)***
0.91
(0.71–1.15)
1.28
(1.03–1.55)**
0.96
(0.53–1.74)
1.44
(0.95–2.18)*
Mexico 1.44
(0.99–1.91)*
0.99
(0.66–1.38)
1.33
(0.42–3.67)
1.39
(0.49–3.51)
1.46
(0.97–1.97)*
1.02
(0.65–1.48)
1.07
(0.29–3.44)
1.31
(0.37–3.97)
Russia 0.85
(0.51–1.23)
0.87
(0.52–1.26)
1.25
(0.66–2.32)
1.06
(0.55–1.99)
0.83
(0.50–1.22)
0.86
(0.51–1.26)
1.24
(0.65–2.29)
1.01
(0.52–1.91)
South
Africa
0.57
(0.24–1.03)*
0.93
(0.68–1.17)
1.42
(0.55–3.54)
3.36
(1.92–5.74)***
0.71
(0.34–1.12)*
0.94
(0.64–1.21)
1.60
(0.66–3.77)
3.48
(1.64–7.09)***
Pooled 0.91
(0.76–1.09)
0.97
(0.86–1.09)
1.79
(1.19–2.65)***
1.88
(1.36–2.60)***
0.95
(0.79–1.12)
0.99
(0.87–1.12)
1.60
(1.04–2.43)**
1.69
(1.15–2.47)***
*** p<0.01
** p<0.05
* p<0.1
doi:10.1371/journal.pone.0122747.t007
Rural, Urban and Migrant Differences in NCD Risk-Factors
PLOS ONE | DOI:10.1371/journal.pone.0122747 April 7, 2015 10 / 14
migrant or urban groups. These findings are consistent with our India-specific results, al-
though the results for active travel in other countries differ.
Studies of smoking and urbanisation have shown conflicting results which may reflect het-
erogeneity in sampling. For example, while some studies suggest that migrant and urban
groups are less likely to smoke than rural groups in India and China [22, 24, 25] other studies
report the opposite.[13, 26, 27] There are mixed results from studies of smoking behaviour in
other countries.[28–31] The countries studied are at different stages of the tobacco epidemic
and may vary in their implementation of effective tobacco control strategies in urban and rural
settings [32]. It may be that in some countries, or in some areas, urban dwellers are more likely
to be exposed to cigarette advertising, whereas in other areas urban dwellers are more likely to
be exposed to health messages highlighting the dangers of smoking. Finally, there is very little
evidence on patterning of alcohol or fruit and vegetable consumption by location and migrant
status in LMICs.
Strengths and limitations
This study uses nationally representative data from six populous middle-income countries
experiencing rapid economic growth, urbanisation and increasing NCD risk. Survey data were
collected using consistent tools and measures, including objective measures of anthropometry
and blood pressure, allowing robust cross country comparisons. However, the survey was de-
signed to focus on the health of older populations and for this reason there are many more ob-
servations of individuals from older age-groups and the sample of individuals aged 18–49 is
smaller. In addition, a number of outcome measures were based on self-report and may be sub-
ject to biases, including social desirability bias, as well as error. In particular, we noted that Rus-
sia had a lower prevalence of frequent drinking than might be expected. A qualitative study has
suggested that drinking can be under-reported in Russia where small amounts of alcohol, espe-
cially beer, may not be perceived as a drinking event.[33] It may be that there are other cultural
differences that alter the way risk-factors are reported.
We were unable to look at dietary measures other than fruit and vegetable consumption and
alcohol intake. More detailed information on consumption of other food groups and fat, sugar
and salt intakes would provide a clearer picture of the impact of migration on nutrition. Small
sample sizes meant that some of our country level estimates lacked precision, particularly in
the migrant groups. Pooled estimates were used to address this, however these may mask be-
tween country heterogeneity. We used country specific definitions of urban and rural location
and this variable was dichotomous. There is a growing literature suggesting that this distinction
is overly simplistic, as aspects of urban living develop in rural areas.[13, 34] Finally, we were
unable to examine time period of exposure to the urban environment among the migrant
group, this means we are unable to assess what differences might exist between recent arrivals
to the urban environment and longer-term residents of urban areas. We also did not take ac-
count of urban-urban migrants in our analyses (treating these participants as urban dwellers).
These intra and inter-urban movements may also be associated with changing exposure to
NCD risk-factors [35] however current projections demonstrate that migration from rural to
urban areas requires attention as a large shift in population, which potentially has a greater ef-
fect on health behaviour, and this is the focus of this paper. A pragmatic approach using well-
defined groups may be required to inform health policy.
Policy implications
This study suggests that it is simplistic to assume that urban populations adopt a less healthy
lifestyle than rural populations. In fact urban populations were more likely to be physically
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active in their leisure time and for travel, they were also generally less likely to drink alcohol
regularly and in some countries were less likely to smoke. To address non-communicable
disease in the whole population, different strategies may be needed in rural and urban areas
recognising the differing risk-factor profiles of these groups. Tobacco use in rural areas is par-
ticularly interesting. Tobacco products are being heavily promoted in LMICs and the preva-
lence in rural areas may indicate market penetration is occurring throughout LMICs, as has
been documented with processed foods.[36]
We have demonstrated that middle income countries are not all facing the same health chal-
lenges, for example although rural populations are less likely to be obese in Ghana and India
they are more likely to be obese in Russia, and while regular alcohol drinking is generally lower
in urban populations, in South Africa urban populations are more likely to drink regularly.
These findings indicate that a ‘one size fits all’ approach to addressing the growing burden of
NCDs in middle income countries may not be appropriate. It can be convenient for policy-
makers to use other countries with a similar level of economic development as a model for
their own, but timely health intelligence on the national or sub-national distribution of risk-
factors is necessary to inform preventative strategies.
Diagnosed diabetes prevalence is higher in urban groups and this trend is seen across all six
countries. It may be that this is due to under-diagnosis in rural areas perhaps due to a factor as-
sociated with rurality, such as distance to services, which would suggest increased access to
service, perhaps through telemedicine, could reduce inequality. It may also be due to the in-
creased obesity generally seen in urban groups.
Rural-urban migrants had broadly similar risk-factor profiles to the urban group suggesting
that exposure to urban environments may promote assimilation of health behaviour regardless
of previous life experiences. The combination of cross-sectional design of the SAGE study and
that the dataset lacked detailed information about timing of migration means we are not able
to determine when transition to urban risk profile occurs in migrants. However previous stud-
ies suggest this occurs in the first ten years after migration.[37] Therefore, interventions to pro-
mote retention of health behaviours associated with rural life need to be targeted soon after
migration occurs.
Conclusion
Migrants and urban dwellers had similar NCD risk-factor profiles which were not consistently
worse than those seen in rural dwellers. The variable impact of urbanisation on risk-factor pro-
files, and marked between country heterogeneity, should be considered in the design and evalu-
ation of strategies to achieve the WHO 25x25 target.
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S1 Fig. Prevalence of current and ever smoking in rural, migrant and urban groups.
(TIF)
S2 Fig. Prevalence of adequate fruit or vegetables consumption (more than 5 pieces per
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grant and urban groups.
(TIF)
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S4 Fig. Prevalence of obesity (BMI 30), overweight (BMI 25) and raised waist circum-
ference ( 80cm for women, 94cm for men) in rural, migrant and urban groups.
(TIF)
S5 Fig. Prevalence of hypertension (systolic blood pressure 140 mmHg, diastolic 90
mmHg or on blood pressure medication) and doctor-diagnosed diabetes in rural, migrant
and urban groups.
(TIF)
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